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ABSTRACT 

A lunar remote sensing experiments program has 
been initiated. Its purpose is to obtain information 
about the Moon from lunar orbit. Implementation of this 
program requires support f r o m  the CSM. 

The ability of the CSM to provide this support 
has been partially investigated. The results indicate 
that the spacecraft is mechanically capable of performing 
the attitude maneuvers required for proper orientation of 
the various experiments. Automatic command of these maneuvers 
is not, however, possible without modification of the existing 
automatic control equipment. Manual command appears to be 
feasible. 

The impact of CSM support of the remote sensing 
experiments on the RCS fuel budget does not seem to be ex- 
cessive. Fuel usage is, in fact, quite small when compared 
to the unused but available SIVI KCS rue1 associated with a 
LM rescue mission. 
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MEMORANDUM FOR FILE 

INTRODUCTION 

A lunar remote sensing experiments program has 
been initiated. Its purpose is to obtain information 
about the Moon from lunar orbit. During the early manned 
lunar missions, this remote sensing will be restricted to 
photographic experiments executed from the Command Module. 
The later lunar missions, in support of remote sensing, 
will employ various experiments located in sector I of the 
Service Module. In both cases, experiment execution will 
require that the CSM be capable of performing certain atti- 
tude maneuvers. Insufficient knowledge of RCS requirements 
and capabilities with respect to these attitude maneuvers 
has prompted the following study. 

2.0 DISCUSSION 

The types o f  experiments and their execution have 
been considered on two levels; those associated with the 
first few lunar landings and any prior flight test missions 
in lunar orbit and those associated with the follow-on landing 
missions. The early mission experiments will most likely be 
photographic experiments executed from the CM using the SM 
RCS to satisfy pointing requirements. The follow-on landing 
missions will be concerned with experiment packages consisting 
of various experiments and located in sector I of the SM. 
Pointing requirements will again be satisfied through use of 
the SM RCS with, perhaps, some pointing capability incorporated 
in the experiments package itself. 

2.1 Attitude Control Requirements for Orbital Science 

The first part of this study is concerned with the 
attitude maneuvers required of the CSM by the various experi- 
ments. It was assumed, f o r  these calculations, that the 
experiments package has no pointing capabilities. 
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The CSM r e q u i r e d  a t t i t u d e  maneuvers comprise  b o t h  
o r i e n t a t i o n  and a t t i t u d e  ra te .  The CSM o r i e n t a t i o n  i s  a 
f u n c t i o n  o f ,  among o t h e r  t h i n g s ,  t h e  p a r t i c u l a r  exper iment  
b e i n g  per formed.  Thus, f o r  t he  p h o t o g r a p h i c  expe r imen t s  
s chedu led  t o  be performed from t h e  CM, t h e  window through 
which t h e  camera i s  t o  b e  p o i n t e d  d i c t a t e s  t h e  CSM o r i e n t a -  
t i o n .  With t h e  expe r imen t s  package l o c a t e d  i n  s e c t o r  I of  
t h e  SM, t h e  s p a c e c r a f t  o r i e n t a t i o n  w i l l  most l i k e l y  be  w i t h  
t h e  x-axis  p a r a l l e l  t o  t h e  l u n a r  s u r f a c e ;  see F i g u r e  1. 

A s p e c i f i c  a t t i t u d e  r a t e  o f  t h e  CSM i s  needed t o  
p r o v i d e  image motion compensation ( I M C )  when t h i s  c o r r e c t i v e  
f a c t o r  i s  n o t  p rov ided  f o r  by t he  expe r imen t s  package.  From 
a 60 n.m. c i r c u l a r  o r b i t ,  f o r  example, a CSM a t t i t u d e  r a t e  of  
.84  deg/sec  p r o v i d e s  I M C ;  t h a t  i s ,  a n  a r b i t r a r y  a x i s  i s  kep t  
p o i n t e d  t o  a p a r t i c u l a r  p o i n t  on t h e  l u n a r  s u r f a c e ,  The 
t o l e r a n c e  on t h i s  a t t i t u d e  r a t e  depends on t h e  experiment  
b e i n g  performed.  With r e s p e c t  t o  t h e  pho tograph ic  exper iment ,  
f o r  example, a n  a l l o w a b l e  smear o f  two meters coupled w i t h  a 
.01 second exposure  t ime r e s u l t s  i n  a t .1 deg/sec  t o l e r a n c e . *  
T h i s  t o l e r a n c e  i s  i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  exposure  t i m e .  
Thus,  t h e  r e q u i r e d  CSM a t t i t u d e  r a t e  f o r  t h i s  p a r t i c u l a r  ex- 
pe r imen t  may be  w r i t t e n  w = .84 - + .1 deg / sec .  

2 . 2  P r e s e n t  CSM A t t i t u d e  Cont ro l  C a p a b i l i t y  

T h e  second p a r t  of t h i s  s t u d y  i s  concerned w i t h  t h e  
a b i l i t y  of t h e  CSM t o  perform t h e  r e q u i r e d  a t t i t u d e  maneuvers,  
T h i s  maneuver a b i l i t y  has been c o n s i d e r e d  on t h e  basis of 
maneuver p roduc ing  and maneuver c o n t r o l  c a p a b i l i t i e s .  

CSM a t t i t u d e  maneuvers are  accomplished u s i n g  t h e  
SM R C S .  The a b i l i t y  of  t h e  RCS t h r u s t e r s  t o  p r o v i d e  the  re- 
q u i r e d  a t t i t u d e  and a t t i t u d e  r a t e s  has been  i n v e s t i g a t e d .  It 
was found t h a t  normal two j e t  minimum impu l se  f i r i n g  of  t h e  
SM RCS r o c k e t s  i m p a r t s  a .0177 deg/sec  a t t i t u d e  r a t e  about  a n  
a x i s  p o s s e s s i n g  a 5 0 , 0 0 0  s l u g  f t 2  mass moment of i n e r t i a ;  
(Ixx = 18 ,390  s l u g  f t  , w = .0482 deg/sec  as of  May 1 9 6 8 ) .  
T h i s  minimum a t t i t u d e  r a t e  may b e  f u r t h e r  r educed  b y  f i r i n g  
on ly  one RCS t h r u s t e r ;  the  a s s o c i a t e d  s p a c e c r a f t  t r a n s l a t i o n  
i s  n e g l i g i b l e .  

2 

Consider  n e x t  t he  methods a v a i l a b l e  f o r  commanding 
CSM a t t i t u d e  and a t t i t u d e  r a t e .  There are two b a s i c  command 
modes, manual and a u t o m a t i c .  

f 
See Appendix A .  
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The manual command mode permits the astronaut 
to rrflylr the spacecraft. CSM translation and rotation 
maneuvers are commanded by the astronaut using hand 
controls located on the left and right hand crew couches. 
The maneuver rate is a function of hand control deflection. 
In addition, the astronaut is able to select a minimum im- 
pulse mode whereby a small deflection of the hand control 
fires the RCS thrusters for .014 seconds. A minimum impulse 
attitude control device is also located ‘in the vicinity of 
the sextant station. 

Automatic attitude control of the CSM is achieved 
using either the primary (Guidance, Navigation, and Control, 
GN&C, or PGNCS) or the secondary (Stabilization and Control 
Subsystem, SCS) control system. Using the GN&C, the astro- 
naut is able to select discrete maneuver rates of .05, .2, .5, 
and 4.0 degrees/second. (’) This system also provides attitude 
hold with a deadband range of . 5  to 5.0 degrees. The SCS per- 
mits selection of discrete maneuver rates of . 7  deg/sec in 
pitch, yaw, and roll and 7.0 deg/sec in pitch and yaw and 20.0 
deg/sec in r o l l .  All SCS maneuver rates have a possible error 
of + 20%. Attitude hold deadband is .2 to 4.2 degrees. - 

2.3 Methods for Satisfying Attitude Maneuver Requirements 

With this information in mina, we consiaer several 
candidate techniques for CSM support of remote sensing experi- 
ments. The discussion is directed to high resolution photog- 
raphy but applies also to other remote sensing experiments. 

We wish to minimize the impact of the remote sensing 
experiments on astronaut time. Thus, automatic execution of 
the various experiments is desirable. Unfortunately, it is 
not possible to automatically obtain the maneuver rate required 
for IMC from a 60 n.m. circular orbit without altering the 
existing equipment. Possible equipment alterations include 
a hardware change such that the selectable discrete maneuver 
rates of the GN&C system would be .05, .2, .5, .84 ,  and 4.0 
deg/sec. A software change has also been considered. It is 
noted, however, that any on-board computer program change re- 
quires reverification of all other existing programs because 
of computer storage problems. Therefore, a software change 
is unlikely for the early missions. As a consequence, it 
appears that, at least f o r  the early lunar missions, automatic 
maneuver rate selection for 60 n.m. orbit IMC is not likely. 
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I f  a b s o l u t e l y  necessa ry ,  a n  o r b i t  a l t i t u d e  change 
t o  approx ima te ly  1 2 . 9  n.m. could  be  accomplished such  t h a t  
t h e  4 . 0  deg/sec  maneuver ra te  a u t o m a t i c a l l y  a v a i l a b l e  i n  
t h e  G N & C  s y s t e m  cou ld  be  used t o  p r o v i d e  I M C .  R a i s i n g  t h e  
o r b i t a l  a l t i t u d e  t o  9 8 . 9  n.m. would pe rmi t  u se  of t he  . 5  
deg/sec  maneuver r a t e  t o  compensate f o r  motion b u t  a t  a 
s a c r i f i c e  i n  areal  r e s o l u t i o n .  

Another  method of CSM s u p p o r t  of t h e  remote 
s e n s i n g  expe r imen t s  and, i n  p a r t i c u l a r ,  h i g h  r e s o l u t i o n  
photography makes u s e  of  a combinat ion of  b o t h  au tomat i c  
and manual a t t i t u d e  c o n t r o l .  Cons ider  t h e  sequence of  
e v e n t s  as d e p i c t e d  i n  F igu re  2 .  

The s p a c e c r a f t  i s  commanded v i a  t h e  G N & C  t o  assume 
t h e  a t t i t u d e  as shown a t  p o i n t  A and t o  ho ld  t h i s  a t t i t u d e  
u n t i l  r e a c h i n g  p o i n t  B.  A t  t h i s  t i m e ,  i t  i s  t a k e n  o f f  a t t i -  
t u d e  ho ld  and t h e  RCS j e t s  a r e  manually f i r e d  u n t i l  a n  a t t i -  
t u d e  r a t e  of  approximate ly  .84 deg/sec  i s  ach ieved .  Attainment  
o f  t h i s  a t t i t u d e  r a t e  may be checked on t h e  a t t i t u d e  r a t e  i n -  
d i c a t o r  which has a minimum f u l l  s c a l e  d e f l e c t i o n  of  1 . 0  deg/ 
s e c .  The p r o p e r  e x e c u t i o n  o f  t h e s e  e v e n t s  should  r e s u l t  i n  
t h e  camera o p t i c a l  a x i s  be ing  p o i n t e d  i n  t h e  v i c i n i t y  of  t h e  
t a rge t  and p o s s e s s i n g  r easonab ly  good I M C .  A d d i t i o n a l  a d j u s t -  
ments t o  t h e  s p a c e c r a f t  a t t i t u d e  and a t t i t u d e  r a t e  are  r e q u i r e d  
t o  compensate for v a r i o u s  e r r u r ~  ; Yur e x a r ~ ~ y i e ,  u r i c e i - i a i r i i i e a  i r i  
t h e  s e l e n o g r a p h i c  c o o r d i n a t e s .  Another e r r o r  s o u r c e  i s  r e l a t ed  
t o  t h e  changing I M C  a t t i t u d e  r a t e  w i t h  a n g u l a r  d i sp l acemen t  
f rom t h e  t a r g e t .  That i s ,  t h e  r e q u i r e d  a t t i t u d e  r a t e  f o r  I M C  
i n c r e a s e s  as t h e  a n g l e  between t h e  l i n e  of s i g h t  t o  t h e  target 
and t h e  f l i g h t  p a t h  i n c r e a s e s .  If ,  f o r  example, t h e  CSM ach ieved  
e x a c t l y  t h e  o v e r - t h e - t a r g e t  I M C  r a t e  ( . 8 4 2  deg / sec )  30 seconds  
t o o  soon,  t h e  absence  of f u r t h e r  a t t i t u d e  r a t e  a d j u s t m e n t s  would 
r e s u l t  i n  t he  camera b e i n g  p o i n t e d  t o  a s p o t  on t he  l u n a r  s u r f a c e  
l o c a t e d  some 2 .6  km from t h e  t a r g e t ;  see F i g u r e  3. 

F i n e  t u n i n g  of  t h e  s p a c e c r a f t  (camera o p t i c a l  a x i s )  
a t t i t u d e  and a t t i t u d e  r a t e  can be  manually accomplished b y  
t h e  a s t r o n a u t  u s i n g  t h e  RCS minimum impulse  mode wh i l e  s i g h t i n g  
t h e  ta rge t ,  most l i k e l y  through t h e  o p t i c a l  sys tem o f  a r e f l e x  
camera. A p o s s i b l e  equipment arrangement  would have t h e  camera 
mounted on t h e  crew h a t c h  window w i t h  t h e  RCS r o t a t i o n a l  hand 
c o n t r o l  f i x e d  t o  t h e  c e n t e r  a i s l e  arm of e i t h e r  t h e  l e f t  o r  
r i g h t  hand crew couch. It i s  no ted  t ha t  t h e  RCS hand c o n t r o l s  
may b e  mounted on e i t h e r  arm of  t h e  l e f t  and r i g h t  hand crew 
couches  and t h a t  t h e y  remain f u n c t i o n a l  even  when mechan ica l ly  
d i s c o n n e c t e d  from them. They are a t t a c h e d  t o  a n i n e  f o o t  s i g n a l  
t r a n s m i t t i n g  c a b l e .  
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P o i n t  C o f  F i g u r e  2 shows t h e  s p a c e c r a f t  i n  p o s i t i o n  
f o r  pho tograph ing  t h e  t a rge t .  T h e o r e t i c a l l y  i t  s h o u l d  have t h e  
c o r r e c t  a t t i t u d e  and a t t i t u d e  r a t e  f o r  t a rge t  a c q u i s i t i o n  and 
I M C .  I n  s u p p o r t  o f  t h i s  t echn ique ,  w e  r e c a l l  t h a t  t h e  r e q u i r e d  
a t t i t u d e  r a t e  f o r  I M C  under  t h e  c o n d i t i o n s  p r e v i o u s l y  d e s c r i b e d  
i s  w = .84 + .1 deg/sec and n o t e  t h a t  t h e  a s t r o n a u t s  are,  i n  
g e n e r a l ,  c u r r e n t l y  a c h i e v i n g  a s i m u l a t e d  a t t i t u d e  r a t e  o f  approx- 
i m a t e l y  . O 5  deg/sec th rough  manual u s e  of t h e  RCS minimum impulse  
mode. 

A method f o r  o b t a i n i n g  a s e r i e s  o f  o v e r l a p p i n g  
photographs  once t h e  i n i t i a l  photograph  has been t a k e n  i s  
now p r e s e n t e d .  
c o n t a i n  a p r o v i s i o n  f o r  swinging t h e  camera th rough  a n  a r c  
i n  d i s c r e t e  and e q u a l  s t e p s .  
as shown i n  F i g u r e  4 .  

We propose  that  t h e  camera mounting b r a c k e t  

The e f f e c t  o f  such  a d e v i c e  i s  

A t  p o i n t  C t h e  camera o p t i c a l  a x i s  i s  presumed t o  
be p o i n t e d  a t  t a r g e t  1 and t o  have t h e  c o r r e c t  a t t i t u d e  r a t e  
f o r  I M C .  T h i s  a t t i t u d e  r a t e  w i l l  keep t h e  camera p o i n t i n g  
t o  t a r g e t  1 u n t i l  p o i n t  D i s  r e a c h e d .  A t  t h i s  t i m e ,  t h e  
camera i s  swung through a prede termined  a r c  so  t h a t  i t  now 
p o i n t s  t o  t a r g e t  2 .  T h i s  p rocedure  i s  r e p e a t e d  f o r  t h e  
r ema in ing  t a r g e t s .  We n o t e  t h a t  I M C  i s  ma in ta ined  f o r  a l l  
t a r g e t s  w i thou t  a d d i t i o n a l  e x p e n d i t u r e  of RCS f u e l .  The 
e f f e c t s  of t h e  window f i e l d  o f  view and the  changing  re la -  

would have t o  b e  a s s e s s e d .  
+ i n n c h i n  hn+-,.,fin= CL.. . . r * - a - . . - - - - -  - - A  L1-- - - - - - - -  ---L> 
- - - a A w A . A p  uI V..bIIL v v A A A u " v v p u l l L  uilu k L l c  L a u l c ~  a up ~,IC;Q; a n i >  

The t a k i n g  of  m u l t i p l e  o v e r l a p p i n g  photographs  
r e l a x e s  somewhat t h e  r e q u i r e d  p o i n t i n g  accu racy  of t h e  
i n i t i a l  photograph .  That i s ,  i t  would be  a c c e p t a b l e  i f  
t h e  t a r g e t  appeared  i n  photographs t h r e e  or f o u r  r a the r  
t h a n  i n  t h e  f i rs t  photograph.  

2 . 4  Remote Sens ing  Impact on RCS F u e l  Reserves  

An i n v e s t i g a t i o n  has been made o f  t he  SM RCS f u e l  
budget  and i t s  a b i l i t y  t o  suppor t  t h e  remote s e n s i n g  e x p e r i -  
ments  program. A graph o f  SM RCS f u e l  usage  i s  p r e s e n t e d  i n  

F i g u r e  5 .  ( * )  R e f e r r i n g  t o  F igu re  2,  t h e  maximum amount o f  RCS 
f u e l  r e q u i r e d  t o  o b t a i n  a t t i t u d e  A i s  .6 l b s  a t  . 2  deg/sec  and 
1.88 l b s  a t  . 5  deg/sec;  see F i g u r e  6 .  T h i s  assumes t h a t  t h e  

mass moment of  i n e r t i a  i s  59,780 s l u g  f t 2  ( t h e  maximum I as o f  
J u n e  1968) abou t  t h e  a x i s  of r o t a t i o n .  
t h e  t imes r e q u i r e d  f o r  t h i s  maneuver are 15 and 6 minu tes  res- 
p e c t i v e l y ,  ( d o e s  n o t  i n c l u d e  dynamic d i s t u r b a n c e s ) .  

For  a r o t a t i o n  of 180°, 
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The s p a c e c r a f t  i s  t h e n  p l a c e d  i n  t h e  .5" a t t i t u d e  
h o l d  mode u n t i l  r e a c h i n g  p o i n t  B .  T h i s  r e q u i r e s  a maximum 
of  .05 l b s  of f u e l .  A t  p o i n t  B,  t h e  c r a f t  i s  t a k e n  o f f  a t t i -  
t u d e  h o l d  and g i v e n  an  impulse n e c e s s a r y  t o  produce  a .84 
deg / sec  a n g u l a r  v e l o c i t y .  Approximately 2.0 l b s  of f u e l  i s  
u s e d .  Af te r  t h i s  maneuver, t h e  s p a c e c r a f t  i s  p l a c e d  i n  a 
d r i f t i n g  mode and f i n e  t u n i n g  i s  accompl ished  u s i n g  the RCS 
minimum impulse  mode. F u e l  u sage  d u r i n g  t h i s  phase  shou ld  be  
n e g l i g i b l e .  T h e r e f o r e ,  t h e  maximum amount of  RCS f u e l  r e q u i r e d  
t o  o r i e n t  t h e  CSM and p rov ide  I M C  f o r  a h i g h  r e s o l u t i o n  photo-  
g r a p h  i s  3 .9  l b s .  T h i s  i s  t o  b e  compared w i t h  t h e  230 l b s  of  

which a LM r e s c u e  has been performed; see F i g u r e  5 .  It i s  
a l s o  i n t e r e s t i n g  t o  obse rve  t h a t ,  u s i n g  the  PGNCS, . 5  degree 
a t t i t u d e  h o l d  abou t  a l l  t h r e e  axes  r e q u i r e s  approx ima te ly  1 l b  
of  SM RCS f u e l  p e r  l u n a r  o r b i t ;  see F i g u r e  6 .  

< u s a b l e  SM RCS f u e l  a v a i l a b l e  a t  t h e  end of a m i s s i o n  d u r i n g  

A h i g h  r e s o l u t i o n  photograph  of  a second t a r g e t  can  
be o b t a i n e d  i n  s e v e r a l  ways; f o r  example,  t h e  camera swing 
t e c h n i q u e  p r e v i o u s l y  d e s c r i b e d .  I f ,  however, t h e  second tar-  
g e t  i s  beyond t h e  r a n g e  of t he  maximum a n g u l a r  d i sp l acemen t  
of  t h e  camera o p t i c a l  a x i s  o r  i f  t h e  camera i s  r i g i d l y  f i x e d  
t o  t h e  s p a c e c r a f t ,  camera o r i e n t a t i o n  f o r  pho tograph ing  t h e  
second t a r g e t  must be accomplished v i a  CSM a t t i t u d e  maneuvers.  
Assuming t h a t  t h e  CSM has t h e  p r o p e r  a t t i t u d e  and a t t i t u d e  r a t e  
FGi -  pii"t"kL-&piiiIig iile L'irsi; LargeT;, t n e  p r o p e r  C S M  a t t i t u d e  mode 
f o r  pho tograph ing  the  second t a r g e t  can  be  o b t a i n e d  i n  two w a y s .  
One, t h e  s p a c e c r a f t  can  be r e q u i r e d  t o  per form a 360' a t t i t u d e  
maneuver a t  a r a t e  re la ted t o  the  d i s t a n c e  between t h e  t a r g e t s  
and t h e n  g i v e n  t h e  IMC a t t i t u d e  r a t e  when i t  i s  o v e r  t h e  second 
t a r g e t ;  or two, t h e  s p a c e c r a f t  a t t i t u d e  r a t e  can be  reduced  
from IMC t o  o r b i t a l  and t h e n  i n c r e a s e d  t o  IMC when i t  is o v e r  
t h e  second t a r g e t .  These maneuvers consume t h e  same amount o f  
R C S  f u e l  when t h e  two t a rge t s  are d i s p l a c e d  approximate ly  11.5 
degrees l u n a r  c e n t r a l  a n g l e .  For  t he  second target  d i s p l a c e d  
approx ima te ly  23  d e g r e e s  l u n a r  c e n t r a l  a n g l e  from t he  f i rs t ,  
no a d d i t i o n a l  RCS f u e l  i s  r e q u i r e d ;  see F i g u r e  7 .  

Another f a c t o r  a f f e c t i n g  t h e  RCS f u e l  budget  i n  
s u p p o r t  o f  remote s e n s i n g  exper iments  i s  t h e  CSM l u n a r  o r b i t  
o r i e n t a t i o n  c o n s t r a i n t s  and a s s o c i a t e d  o p p o r t u n i t i e s  f o r  ex- 
pe r imen t  e x e c u t i o n .  The the rma l  c o n s t r a i n t s  r e q u i r e  t h a t  
t h e  CSM b e  o r i e n t e d  i n  l u n a r  o r b i t  such  t h a t  t h e  p e r p e n d i c u l a r  
t o  t h e  e q u i v a l e n t  s u r f a c e  a r e a  o f  t h e  Environmental  C o n t r o l  
Subsystem (ECS) r a d i a t o r s  l i e s  beyond 25" t o  t he  l o c a l  v e r t i -  
c a l  whenever t h e  CSM i s  w i t h i n  25' o f  t h e  s u b s o l a r  p o i n t ;  see 
F i g u r e  8 .  ( 3 )  T h i s  c o n s t r a i n t  may b e  v i o l a t e d  f o r  no more t h a n  
th ree  c o n s e c u t i v e  o r b i t s  and for no more t h a n  a t o t a l  o f  e i g h t  
o r b i t s .  The communications c o n s t r a i n t s  a r e  p r e s e n t e d  i n  F i g u r e s  
9 and 1 0 .  (') 
be observed  has n o t  been f i r m l y  es tab l i shed .  

The d e g r e e  t o  which a l l  of  these  c o n s t r a i n t s  w i l l  
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Another constraint on the CSM is the need to perform 
landmark sightings. The possibility of obtaining high resolu- 
tion photographs from the sextant station during these periods 
has been considered. The advantage, of course, is that this 
technique places no additional requirements on the RCS fuel 
budget. However, the mounting of the camera poses a problem 
in that there is no window at the sextant station through 
which a camera might be pointed. Use of the sextant optical 
system for this purpose is currently being pursued at MSC; the 
use of an adapter to permit the mounting of a sequence camera 
on the sextant is planned for Mission C'. Unfortunately, the 
astronaut will not be able to view the target through this 
optical system. If on the other hamd, a reflex camera were 
mounted, fine tuning of the spacecraft could be manually 
achieved using the minimum impulse control located near the 
sextant station. 

3.0 CONCLUSIONS 

The ability of the CSM to support lunar remote sensing 
experiments has been investigated. It has been found t h a t ,  most 
likely, the spacecraft is mechanically capable of performing the 
required attitude maneuvers. Automatic command of these maneu- 
vers is not, however, possible without modification of the existing 
automatic control equipment. Manual command appears to be feasible 

iment's on the RCS fuel budget does not seem to be excessive and 
is, in fact, quite small when compared to the unused but avail- 
able SM RCS fuel associated with a LM rescue mission. 

-f fhn n n m n f n  cnnn<.r?r* n v n m n  
" A 1 C  A. L. I . I " "L  U b A 4 U " ' b  b d L y b L  

Tho -ii-ngnt CSM S i L n n n n f  r-- YY" " 

2015-AWZ-acm 
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APPENDIX A 

ATTITUDE RATE REQUIRED FOR I M C  

From a 60 n.m. a l t i t u d e ,  t h e  CSM a t t i t u d e  r a t e  
r e q u i r e d  t o  keep a n  a r b i t r a r y  a x i s  of  t h e  CSM p o i n t e d  t o  
a p a r t i c u l a r  l u n a r  t a r g e t  i s  approximate ly  .84 deg / sec .  
T h i s  r a t e  has  been computed in t h e  f o l l o w i n g  manner. A t  
a 60 n.m. lunar a l t i t u d e ,  t h e  o r b i t a l  v e l o c i t y  i s  1.014 
mi / sec .  Thus t h e  o r b i t a l  r a t e  i s  

e = - -  * ' - rad - .01469 r a d / s e c  
h 69.1G- 

or 6 = . 8 4 2  deg/sec .  

-. ' l ne  c o i e r a n c e  or1 u is t i ~ ~ K ' U A i l l l d ~ t . ~ y  i .I dt.g;/lstc; ?vi' o. 
pho tograph ic  exper iment  i n  which a 2-meter smear i s  a l lowed 
and t h e  exposure  t i m e  i s  .01 s e c .  T h i s  number h a s  been  ob- 
t a i n e d  i n  t h e  f o l l o w i n g  manner. The 60 n. m.  a l t i t u d e  i s  
e q u i v a l e n t  t o  111,300 meters. The smear a n g l e  ( 0  ) asso -  
c i a t e d  w i t h  a 2 meter smear i s  t h e n  S 

= 1 . 7 9  x r a d  - 2 - 
' s  111,300 

= ,00103 deg 
0 S  

and f o r  a .01 s e c  exposure  t i m e  

- - '00103 
0 S  .01 sec  = . l o 3  deg/sec .  

... f o r  t h i s  p a r t i c u l a r  exper iment ,  t h e  r e q u i r e d  CSM a t t i t u d e  
r a t e  may be w r i t t e n  

w 2 .84 - + .1 deg/sec .  
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